The most frequently used methods for detecting antibodies are the indirect immunofluorescence test and the enzymatic immunoassay (ELISA). The polymerase chain reaction is a molecular biology technique in which the production of large amounts of specific DNA fragments is induced from very low concentrations of complex substrates aloowing the detection of very low amounts of viral particles.
INTRODUCTION
Cytomegalovirus, a DNA virus belonging to the herpes family, infects people from different age groups, races and socioeconomic conditions. 1 Its prevalence rate ranges from 40% to 60% in many countries where the population has good socioeconomic conditions. 2 Primary cytomegalovirus infection occurs in 0.7% to 4.1% of pregnancies and the transmission rate varies between 24% to 75%, averaging 40%. [3] [4] [5] [6] [7] [8] Fetal transmission occurs in 0.5% to 1% of recurring cases. The maternal virus is probably reactivated during pregnancy, which results in recurrent infection. 4 Fetal transmission is not totally prevented by the presence of maternal antibodies to cytomegalovirus, but these seem to have a protective effect against fetal disease. 9 Congenital lesions are more serious when associated with primary infection. 3 It has been reported that 10% of fetuses are symptomatic at birth, 20% to 30% do not survive due to severe lesions, and the great majority present delayed manifestations like bilateral neurosensory deafness and mental retardation, affecting 5% to 15% of asymptomatic neonates. 10 The most frequently used methods for detecting immunoglobulin M and immunoglobulin G antibodies are the indirect immunofluorescence test and the enzymatic immunoassay (ELISA). The presence of a specific immunoglobulin M antibody suggests active infection. [11] [12] [13] In 1985, Stagno and Whitley 10 performed a diagnostic study of cytomegalovirus in maternal blood using the ELISA and radio-immunoassay techniques to detect immunoglobulin M antibodies and reported approximately 95% specificity and 70% sensitivity.
The polymerase chain reaction is a molecular biology technique in which the production of large amounts of specific DNA fragments is induced from very low concentrations of complex substrates. 14 The high sensitivity of the polymerase chain reaction allows the detection of very low amounts of viral particles (DNA or RNA). 15, 16 In 1992, Warren et al. 17 reported on a study in which the polymerase chain reaction sensitivity was 89.2% and its specificity was 95.8%. The polymerase chain reaction is performed using a specific selection of primers (nucleotide sequences). Appropriate conditions provide results comparable to tissue culture inoculation, a method that is considered to be the gold standard for the diagnosis of cytomegalovirus infection. 18, 19 In 1995 and 1998, Revello et al. 20, 21 performed a study to select a test that would provide early and precise diagnosis of cytomegalovirus infection, using specific immunoglobulin M, polymerase chain reaction in amniotic liquid and viral culture. The purpose was to obtain a test that could reduce the time interval for the maternal and fetal infection diagnosis. Maternal diagnosis was based on seroconversion, clinical symptoms and increased liver enzymes. The following rates of sensitivity were reported: 69.2%, 76.9% and 55.5%, respectively. The authors concluded that a combination of highly sensitive techniques could improve prenatal diagnosis.
Studies that compare the performance of serological tests with the polymerase chain reaction test to diagnose cytomegalovirus in- 
METHODS
The study sample consisted of 243 pregnant women with an indication for fetal blood sampling, who were being attended at the high-risk outpatient clinic (Pré-Natal Especializado, Universidade Estadual de Campinas). The minimum gestational age for collecting the blood sample was 21 weeks. The indications for fetal sampling were: diagnosis of fetal malformation via ultrasound; suspected congenital infection (cytomegalovirus, toxoplasmosis, rubella); antecedents and/or suspicion of chromosomal disease, fetal-maternal isoimmunization or intra-uterine growth restriction.
The polymerase chain reaction test results were used as the gold standard test 14 and the ELISA serological test was the diagnostic test assessed. The gold standard defined a true clinical condition in a population. 22, 23 The control variables were: maternal age (years), race, marital status, number of years of education, number of sexual partners, number of gestations, fetal blood sampling indication and clinical symptoms. The participants in this study underwent cordocentesis. A peripheral venous blood sample of 10 ml was collected for diagnostic tests immediately before cordocentesis.
Two diagnosis tests were used in this study: 1. The serological ELISA test was performed using the ETI-Cytoc-M-Reverse commercial kit (Sorin Biomedical, Italy), read by the ETI-system reader (Sorin Biomedical, Italy). Automatic calculation was carried out using the ETI-system software; 2. The nested form of polymerase chain reaction was performed via direct visualization in 2% agar gel, following a method described by Saiki et al., 1985 14 , using appropriate equipment (DNA Thermal Cycler, Perkin Elmer/Cetus, Norwalk, Conn., USA).
Statistical analyses were done using Fisher's exact test, via the SAS software, version 8.2 (SAS, 1999).
RESULTS
The majority of the women were between 21 and 30 years of age (51.4%). Their average age was 26 years. Most of them were white, had a single partner (married or living together), and were either at secondary school or had completed secondary school. During the interview, they reported one or two sexual partners: 50.6% and 30.5%, respectively. 70.4% reported at least two pregnancies and 29.6% had had just one. Ten of the patients (4.1%) reported symptoms that might have been related to cytomegalovirus.
The distribution of patients according to the indications for testing were: malformation of the central nervous system (25.5%), suspected toxoplasmosis (25.5%), Rh isoimmunization (14.8%), other malformations (12.8%), non-immune hydrops (3.3%), cytomegalovirus infection (0.8%), rubella (1.6%), intra-uterine growth restriction (1.6%), and other indications (12.8%). A positive serological immunoglobulin M test for cytomegalovirus in two patients indicated cytomegalovirus infection. The other indications were cardiac, thoracic and gastrointestinal tract malformations; maternal age; antecedents of fetal malformation or chromosome abnormality; and altered nuchal translucency.
The results of the diagnostic tests were: immunoglobulin G reagent 94.6%; immunoglobulin M reagent 0.8%; positive polymerase chain reaction 21.9%.
The prevalence of previous infections, as measured by positive immunoglobulin G, was 94.6% in the pregnant population of this study. As age increased, it was observed that there was an increase in the frequency of positive immunoglobulin G.
In the sample studied, there were two cases of positive immunoglobulin M (0.8%). One of these patients was 39 years old, non-white and married, with incomplete secondary education, one sexual partner, five previous pregnancies and reported symptoms that may have been related to cytomegalovirus infection. She had undergone serological examination at another hospital: specific immunoglobulin M and immunoglobulin G for cytomegalovirus. The other positive immunoglobulin M patient was 17 years old, white and single, with completed lower school level and one sexual partner. She was primigravida and had no clinical symptoms that could be associated with cytomegalovirus. She was referred because of a serological test with specific positive immunoglobulin M against toxoplasmosis.
When the polymerase chain reaction was used as a marker for active cytomegalovirus infection, 21.9% of the patients showed viral replication during pregnancy. The polymerase chain reaction was positive for 6 of the 10 patients who reported clinical symptoms. This result was statistically significant. The two suspected cytomegalovirus cases presented positive polymerase chain reaction.
In the group of 49 women with positive polymerase chain reaction there were eight fetuses with positive polymerase chain reaction, two of which with documented maternal and fetal cytomegalovirus infection (fetal immunoglobulin G and immunoglobulin M positive). Among the six other cases, four had central nervous system malformation, one had positive immunoglobulin M to toxoplasmosis and there was one case of Rh isoimmunization. There was no child examined at birth with signs or symptoms associated with cytomegalovirus infection. Table 1 relates the serological test results to the polymerase chain reaction results, in order to calculate sensitivity, specificity, positive predictive value, negative predictive value and likelihood ratio. Forty-six cases were found to have positive immunoglobulin G. The sensitivity of this diagnostic test was 94% when compared for the 49 positive polymerase chain reaction maternal blood samples. With regard to the 174 negative polymerase chain reaction cases, 10 cases were immunoglobulin G negative and the specificity was 6% (Table 1) .
There were two cases of positive immunoglobulin M with positive polymerase chain reaction, and 47 cases of positive polymerase chain reaction but negative immunoglobulin M.
DISCUSSION
The purpose of this study was to assess the accuracy of the serological test for diagnosing cytomegalovirus infection using the ELISA method in comparison with the polymerase chain reaction test. The results demonstrated that the serological tests had a low diagnostic performance in identifying cytomegalovirus infection in pregnant women. The fact that the serological tests showed a reduced diagnostic performance when compared to the polymerase chain reaction test is important because it means that a pregnant woman who is nonreactive to immunoglobulin M for cytomegalovirus may still be undergoing viral replication through recurrent infections or viral reactivation.
Approximately 5% of this population were susceptible to primary infection although they were immunoglobulin G negative. Cytomegalovirus serum prevalence increases as age increases and reaches its maximum level after the age of 25. 2 In fact, in this study, most of those who had a previous history of cytomegalovirus infections were over 31 years old.
One important finding in this investigation was that six out of ten women that reported symptoms associated with cytomegalovirus infection were polymerase chain reaction positive. Nonetheless, two women with positive immunoglobulin M denied having symptoms related to cytomegalovirus infection. We argue that if the real value of the polymerase chain reaction is demonstrated to be an identifier of active viral infection, it should then be requested upon clinical suspicion.
There are limitations to the interpretation of the test results for immunoglobulin M, and these should be kept in mind. The response of the specific immunoglobulin M antibody is not restricted to primary infections, as reactivation and reinfection may also cause an increase in immunoglobulin M titers. 13 Other disadvantages include false negative results and false positive results due to low titers resulting from cross-reaction to rheumatoid factor. 25 In this study, the polymerase chain reaction was used as the gold standard for infection diagnosis. This was because a positive polymerase chain reaction test signifies viral replication and detects pregnant woman at high risk of cytomegalovirus infection and transmission to the fetus.
Our attention was drawn to the fact that 15 of the 62 patients who were suspected of toxoplasmosis were polymerase chain reaction positive for cytomegalovirus. These women were referred because they presented a serologically positive immunoglobulin M test, detected by immunofluorescence against toxoplasmosis. We question whether this technique is sufficiently highly sensitive to detect small amounts of specific immunoglobulin M for toxoplasmosis. It might really represent an immune response to cytomegalovirus reactivation, since the polymerase chain reaction test was positive for one fourth of these patients. There is one reported case in which a woman in her 27 th week of pregnancy was diagnosed as having double seroconversion for cytomegalovirus and Toxoplasma gondii. 25 This leads to the idea that when toxoplasmosis is suspected, the patient should also be tested for cytomegalovirus.
The ELISA test for specific immunoglobulin M, used for detecting viremia, demonstrated lower sensitivity in comparison with the polymerase chain reaction. The sensitivity was 4%, much lower than was found in the studies of Stagno and Whitley, 10 Griffiths et al. 26 and Donner et al. 27 These authors obtained sensitivity levels that ranged from 20% to 80% at different gestational ages. They were, however, studying patients with a clinical suspicion of cytomegalovirus infection.
The serological tests using the immunoglobulin G reagent were helpful in determining cytomegalovirus seroprevalence and antecedents of previous infections. However, the specific immunoglobulin M showed very little relationship with viral replication regarding active and recurrent infections, since it was positive in only two of the 49 cases of positive polymerase chain reaction for cytomegalovirus. According to a study conducted by Stagno et al., 22 73% of the pregnancies with primary infection and 11% of the pregnancies with secondary infections were diagnosed using immunoglobulin M on a group of patients with clinical suspicion of cytomegalovirus infection.
When comparing serology with the polymerase chain reaction for cytomegalovirus diagnosis, it is important to remember that serology is a diagnostic test that detects circulating antibodies and identifies the history of previous infections through immunoglobulin G and acute infections using immunoglobulin M. The polymerase chain reaction, on the other hand, is a diagnostic test that detects the presence of the DNA virus within the cell. 28 A positive polymerase chain reaction result during pregnancy identifies patients who are undergoing viral replication within the cell but does not clarify the risk for disease development and fetal transmission. 29 It is important to know whether viremia detected using a molecular technique signifies high risk of fetal transmission and, if fetal transmission takes place, how seriously the fetus would be damaged. Measurement of the viral load, the quantity of viral particles per milliliter in the analyzed material, would clarify the information obtained by a positive polymerase chain reaction result. Aitken et al. 29 conducted a study that showed that viral loads found in patients with primary infections were higher than those in patients with recurrent infections. Since recurrent infections are more common during pregnancy, the viral load may be enough to detect the risk of vertical transmission.
Serology was ineffective in diagnosing pregnancies with a risk of infection and fetal transmission when the polymerase chain reaction was positive and the immunoglobulin G and immunoglobulin M were negative. Three of the 49 patients with positive polymerase chain reaction had negative immunoglobulin G, and immunoglobulin M was negative in these cases. In such cases, primary cytomegalovirus infection was detected through the polymerase chain reaction.
Therefore, pregnant women with a risk of cytomegalovirus fetal transmission could be identified using the polymerase chain reaction test for viral replication detection and, consequently, adequate follow-up could be established in order to monitor the fetus for infections and sequelae.
It is important to remember that the diagnostic evaluation tests were carried out using a single blood sample. Serology would have shown better levels of sensitivity if blood samples had been collected serially and the time intervals had been related to the appearance of immunoglobulin G and immunoglobulin M.
The results from this study showed that serological tests have a low capacity for diagnosing and tracking pregnancies with cytomegalovirus infection and a risk of fetal transmission, in comparison with the polymerase chain reaction. A correct diagnosis of the risk of fetal transmission after positive polymerase chain reaction could be complemented by serial serological analysis of the patient and/or study of antigenemia and viral load. In the future, techniques based on molecular biology will set the standards for detecting cytomegalovirus infection in pregnant women.
The accuracy of the serological tests for the diagnosis of cytomegalovirus infection was lower than that of the polymerase chain reaction. The significance of the positive polymerase chain reaction results identified in this study remains to be completely understood. 
